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A reverse osmosis membrane having proved - ^ ' treating a crosslinked, 
is3 propanol is described The « » - ; 3xi ^ zin g reagent, such as 

E ,,l^amide discriminating 1 r whereby the passage through the 

pTri^eTTc acid, periodic acid ,,r chioramin , / sc lutior. at a 

Uated membrane of sul an J.^b? at\east 30 percent, 

transmembrane pressuie ct 
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Exemplary Claim Number: 1,14 
BRIEF SUMMARY . 



stbrsSSM bin gale cxc'M doefcsc <M P mc>v,u 



BArK GROUND OF THE INVENTION 
c DRtemplated . 



-^able t: certain rompenents ct the "' 1 » u - . ' f " ab]e . An aqueous 

"h o^penent to which such membranes espial 1/ per ,,;erse 

solution is rcnveniently brought in :on tac t w ,ne -ul n f wat , r 



material from the disFersxng_medium^^^. ^ 

rr.ixture to be separated, 
■s are especially permeaD 
it act with :»ne surface or 

osmesis membrane under pressure so a* ^ f J^g';^ f oc'^esal inat i =n ot 
th-agh the ^-^^ ^£13 has also been used , separate 
:r 3 :nirco:poun!s S and^tJer e :at;rials fro, aqueous feed solutions. 

The performar.ee of reverse osmosis men| jn..^ | J^^LlgecuslJ? Si reverse 
efficiency and efficacy of reverse osmesis proc - mater ials which are t: be 

,sl,;sis mLbrane should be -^^S to ^water It has bee, fcund that 
separated from the water and highly P^^vides physical strength bat imparts 
membranes having a porous support whi.h P£-^" ^ llnat lng layer adherent to the 
^^r,y^^^ SS are co.mcnly referred to as thm 
film composite membranes. 

Pol^mide membranes have been widely employed in ^^T^^ 
pirr-N^-4,.77,344 scribes a Y d m me ,branes are preferably prepared 

discriminating layer on a porous suppo^ ^ aromatic aT.ine such a. 

by xnterfac ial Pol^ 1 " 1 ™ £ j S' lcM dc acyl halide, eurhas tnmesovi 
meta-phenylene diamine d r.d atritun -I-. ha lide. A 1 . 3 , 5- eye. onexane 

chi." ride, optionally obtaining difa.ctionai a } react a: 1= . Sue. 

trr arbonyl chloride can also be employed as th ■> and 4.^6,^. 

cranes are further il 1 ust rate d - U ^ - • ^ r: ,. np3Slte 

European Patent Applicator. Pubiicat.cn 
p^ij^aniide membranes . 

The treatment of membranes to enhanceper f or.ance^U 

a number of patents. U.b. Pat. No. a f iphati ^ p:> lvamide membrane, In tnis 

permeability of a substantial^ an . aliphati ^ ly:;trcFi: salt or 

prccess, the R olyamiae membrane is treated wi f 
a Lewi s acid . 

ethylenically unsaturated carboxylic 
- t -mi- permeable membranes . 

[\ Pat k - 3,886.0,6 discloses the use of hydrclyzable tannine ..reduce the 
l^, passage 'througn semipermeable membranes. 



m -> cm 3 , C describes a composite sem: - p erre. ■ e r nemb 
U.S. Pat. Nc. 3,-51,31- ae.criL^ _ , C11 rrv,rt . where sa:d tilm h« t r^ 

mm film of prlyethyler 
rrooslinked with difuncticnal 



id o: 



.,• -y and sulfonyl chlorides. 



4 _ _ describes a process for coating exterior, of hollow 
rr.enbranes t. enhance their membrane characteristic 



U.i.;. Pat. lie. 4,214,0-! 
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reatment ci "cn'iposite t. ^ . 



~ r v ^ 4 5 — ^5 describes tne — . \f \ • • • 



nitres acid or a"diaz:niun; compound The 



wi::h pendant amine grouts. 

,. i ^ .u^ v-pvprqp osmesis Hiemcrane s Ccti. ^ 
r t c P3f 4 828,700 discloses th*. re^er^ r>— :h,nr nvarcxy. 

! J . S . Pat. u / -i , ^ j nr-uDs ana optionally p-— w > 

colvmers bearing carbcxylic a., a gr.ap. t 

anOie Celeries to enhance sa.t re,ecc..n. 

,.3. Pat. Uo. ,..04.*1. -^ ^ . n- S a^c^^ £ w, 
certain cr:sslinking re-gents t, 1 delude aldehydes, p,iyamines, 

Cros.l inking reagents ^^.VM peroxides and ether 



d combination of 

Membranes 



c impounds . 
s:u3ht. 

QI-M^ARV OF THE INVENTION 

c.xs.slinkei E clvaj^;to d"'- 1 > uh „, by tbe through 



me 



t reatment 



^4*-- .v-nnc^rked p-ivamide membrane 
in another aspect, the --f-^S ^^ifore.fe^n, 
wnich ha, been treated by the methed of high sulfuric acii reaction, 

prasesses novel prcpei t ie, m cv. ether organic compound 



ana 

ranes 



ion of isoprcpyl alcohel and- ~ ^iucn tK a:ed m em ? ra 
excellent water flux. Surprising! , - s^e untreated men* ran* with 

exhibit ^gher reaction tor se eded -1-^ g gul£ , ric a , id ; aqueous 

minimum 1 ct fiux -.n ^ara..M 
organic streams. 

DETAILED DESCRIPTION: 



DETAILED DESCRIPTION :F THE INVENTION 

• t . ,-,-ers, -sm-sis membranes having ,ross 1 mke ri ocl^.^ie 
.Jzinposit* r^ero ,_ minAr _ ina layer i£ advantage., .oh J '- lv ; a _ ... . 



d i .j or lminat i ng 



:; n ;;n: 1^1,:^^^ ^y- .;;o:;H; ig Ioo v-:-" ;-i-o 

:-u„ uprising: (a) a compound or p= y.er e-n g x . .. ^ 
group, and .b) a compound e ^°^ e ^ J d a=id haU de rea:unt3 -nay be 
•artcxylic asyl ha. id* groups. The amine =» that is comprunds where 

.Oi.hati,, a^rbon ato, m ,n ring, are 



„="or m...re awn* grcups are bonded a ; . , nf . or t« fu-sed or sepai. 

":,ecially preferred. The amine -expound n.ay -.,r..am 

:niat:c 



IfdS 

!P,i' 



DngsOn preferred embodiments 

-,e ^b-xy'ic acid halide reactant emp-lcyed to prepare the . 
^criminaUnglay^r desirably includes an ^ ^ ^t Oay ..prise 

three acyl halide groups, .he c^rbcxy-ic Pr ^ ferab i y , at least E3 mole pel. 

pounds cr poly.er, which are di tunct ,na P - fer ^ /. „ 
of "he oarboxylic acid halide rea, ^ { haiide gr ,,up s optionally beai 

runcticnaiized. T.,e c impound bear nig he ^ { ^ membra: 

O^xyii: acid ha id e re ; c tan , ; s ^ s ^^a.. oe - . , ...... 

Halldef ,^;lon;Uy Isophthaioyl halide ani/or terephthaioy 



. a ^. <- 



I :s ~ IS I'M 
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Imp: westbrs XX2U bin tate.cxc 'I JocA^c 



b;th of the t ri f ur.ct i onal acyl haliies. The nalide 



3C r.c 



-mclcved with one or 

pref-'rarly chloride, bit may be L^mide. 

The somatic anine csmpcuni optionally may bear other sjstitu, nt: 
interfere with the rr.emt rane formation reaction. F ,r exarr p ,e , * ; i ^ 
two'onxary amine ? r r-.es a:d one group which nas a ar t- ; . ^ , - 

r: ,ne amine group, as described in U . Fat 4 61 , .4 . _ ^ ^: !ib: , n , ., 

, - - . -. t preferred. The preferred ««.ir.e reacc) emp.^ed - ... 
p.;..;; y lene diamine, more preferably met a -phenyLne diamir... 

T ._ ..„site rrc sf.l i r.ked colvatnide membrane r,n t-e prepared by te:-hr.iqu--s-;now : . 
I -^r't- art. 0: nvenienTl^'-r.terfa.zial. pc 1 yrn- r i ,at : on of « l-. ; f ■ 
^led^'a t :icrcp:rcus sub, , r a"w, t h ar a :y 1 h, U ie -y ^ ^ — — . 

^/^ererenc*. Preferred as an or gan: : 3 . 1 vent i f a >-a . V - 
su::h as hexane, :r » ohlorcf l.or:rar D cr., sv._ . . ..1.- n ^ 

rth-r similar techniques for prepanna such n-.e, braneo «x - de. r 
H L 4.f06.94i; 4,520,344; 4,7G1,,34: 4.77^,4: and . t , 7-. - , «ni - 
incorporated nerein by reference. 

*■ -r, uhifh -hp- e --niprflite membranes ai e formed -an be any 

. .. „ w.^^ K^n Pvr^nsiveiV descL..i.-:a in tne F 11 - ' 



-r a 



, ip ,-site membranes have been extensively descn,^ m - ; ; • 

PI b S v^U^nluc.. celLlLe esters_,nd other p ; oly,e ; , - j * 

prepared with a high degree of porosit y ^d -nt , lied c -e , the 

Prrcus inorganic material may also be operate a ^Pf= r AKG ' ,, r less , and 
i^ace pores in the support material will havs «. diam ter 

.upp.ort material will have as high a p:ro,ity as , p. B-ib. e ^ 



t. he — U^/h. — - - , . • +- , r 

si red p:re size, integrity, 
a r;, upo -.rt" layers are per: as polysalfcne filn.s ine„ ^ ^ 

fabric r woven ,l,th in the manner ae.cr:^ in o ; ;; - ^ ; ■ ■ 
•■ --7,344. Surra- active agents may r,e empi^ed .n t,.c ^u*.. 
-ice wetting o£ a hydrophobic substrate 



ei 



c ,, ially pr .ferr.d as membranes to te treat,d by the n.ethod des.-rxk.d nerein ar, 
disclosed in U.S. Eat Kc . 4,277,344. In 



t n t s 
Tnvien 



^.n.ine and trii.es: yi chloride. Such membranes ate ,olo F.lnle.. P 
under the 3esi gnat ior. FT3 0 n-embranes. 

v -f th« invention, the membrane may tfc derived from wine 

In one embodiment .1 tne 1 n , -i.c i , For example, a lo.ymer 

pr-ferably at. least aoout F,-j rro^slinKo, p.. - i • 



n'^ya^di— Teferably have a crosslink density c. at 

'^"rSF^f-rably at least about 50 crosslinks, per 1 , ..^ 

; Mn' u-n: can re determined by stanoard end-group an ?; /s i , - ■ ;; ^ 

"be ,s: 1M t = i'tv -.he insolubility :: r swellin 
•en" s m wni rh linear Do^irr,^.ies are scluMe 



ElinR t^tod^^^n^Iubil^y ::r swel:ma of the result, n 3 V^K 



,, f , r ^_.i, n by the p_olv,mide reverse osmccis venbran- f * ?}_ J™ 

; ange. The flux and reaction cf spertfic u ,s ^ ■ - 1 i .r _ : , ic r ,. s , ur ^ 

.-editions -osir.g a specif:c oencentrati n ,.f - : ^ e -; i; a : !' , ' ^ ^ 

and temperature. Preferably, the memcrane to oe trea ^ - :i nt , and 

•hl-.rii^. reie -ti-n of at least ao:ut '.»0 pei^-.-i.-. rrui - [ - t--" ^ . 

w :r lux ■ "a "least a.out 12 gallons per square foot per d.y g-« , - • 

If /, at least about 1 -> gfd, when tested using an a^ue.u . - -'^ 

Uiutr.' chic ride solution at a transmembrane fresjure f .0 ^ ^. ^ £ l w ^ ter 

.■ 5 . iegl .ee. 2 Membranes having a igher sain e, J--- -d d ^ y 

v n ; rmutf. ;; ig j er f iux and icwei r ^-i-j -p.-o ;; 

iescribed in J.S. Pat. Nc . 4,76B,397, which is incorporated by refer,.,,, -a.. 

be employed 
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-mtrane may re trie form of a tiat 



f : Tira ti:T.. The membrane :ar. be rreatea eitner . rv ,„. . ab >-i 

a-i^. m one especially preferred — 1; ^ ^ 



x. v. e - 



P 

certa 



. a spiral membrane " devi re ana then treated by '.he ^ 
duce a membrane element having enhanced reieoM.n ^ d.-... 
In crganic compounds. 

is found that the membranes t, be treated by t r . ^ ^ ^1 



U is foundthat e lan., - ~ memkr , n , is a m*,* rane wh. . .. 

oe,irab y c ; ean th J .on x a ^ ^ ^ ^ ;r perf n „ hat! 

reen subne.. to ? n ~~ ^ £ been found that membranes wnicri are fresn.y 
been reduced by fou.mg. It hao wen l , ■ f r ,, st i Dr ef-rakly less tnan .:4 

nd'then are cleaned by standard techniques arter be.,,, f-u.,d ,r r... 
;.,.'I.". e ptible t = treatment fcy the method of tnis Kr.v.Cion 

.:, reagent employed in treat.no the compos, t e c r. ssl -ke, gv,^ ^ 
,dmes the membrane at the rtn-iiticns emp-lc /. . -, ^-^J^ ^ t/h , tron3 
nt fully understood. This rearticn is an ,xida ti lu„ ^. ex , e: .^d 
r r . , reagents v hiqh cc ncent rat ions cf *x : i.. i:. . . • _ .,.,.. ori ._ 

I nr a, conveniently trcvide the desire: modifi.-a., n h ■ i. ; - _ 

,. li- tng-re,; ? ent may be selected fro. the group ^ - ^ 7^ " 

wr,:.\n ac n-.^t deleter i-us^y =i- _ ' vo v the compatible oxidant has a 

-.ployed for a short time period. Prefeiobl} , tne compat. ^ Such 
:, ,c lar weight less than about 300, ^ore pre , -bl - ;; ha » c • ~ 
c-mcatible oxidizing reagents dc not include stcng oxid.u-, u^ . , :wever , 
hvr-ochlcrite. the use of which is suggest ed in ^ * . h * - 3ome 

■ '- , V .„ H hp n-.ted -hat treatment with sodium h> P- - nl a 1 1 .- .icis l. i 

« "»h»- ~" reject,™ ct ™ P ,=tt, - 

The :x,d,zi„, e, P ioyed herein are be 1 iev ed t :*> ii::* pen d »in. = ^ 



mem::: ranes . 



r .v.^-,, ,^ rr , r tq the di^ :r Lminat 11. j layer :: t: ' :jl!l F'- ;E;iL '; ^ 

; tr .' , T Th : "uitabili-y ^ diluent will depend upon the specify , 
the ailuent . The sJi t ac 1 1 1 -y >- r ^,_„ r f the -y-d'.zinq reaoent ana the 

-,„,p,siticn ,:f the desalinizing ayer the n.,u^ c the .. ■ ^ . _ g . 

f czmnr-rr An effective amount _-t the r^gen. -i.^ - 7 

■■• : " r - p: :" J",; , " , n A r ; er:i es tc the membrane .,fter trea^.en: without 

,le *-eri,us affects on the memk.rane . An ague ; - -i t-- , than wat , r 

^.-,-nt of the oxidi.in, reagent is ger,er.ll% p i-.-f ^ i ea J lu n cloyed 
"::." t '.e pr ,.f, if water will react with the re .gent - ^1 -n, s '^j ' 

„-: h l ^:r bu r,« rK i;^:^. "iS»="^ ' : - 

in ;iude the lower aUanols, such ao — K ( F dI1 - 
N , :J ■ dimethyl formamide . 

i ^f. , t- - r ^ i mr.^r'-^d t<" the membrane will 

- r - r itT .. required for the desired properties t, b lm P dI ;.^ Va^<*„ ^ th- 

,:.,"de^nden- or. the nature of the desalinizing layer. ..ne .d, n . ; - . th. 

■;;fiiztna r^aUnt. temperature, concentration ,t the reagent ; 
P ;- ? :era C lv, the oxidizing reagent in water or ot.,er d . ^.-.^-^ • ■ ^ 

-.-inu'.sly :ver the membrane surt ace t.u-i:v ? 1 1 —tin.ri - - ■ ■ i - - - ■ ■ ■■ ■■■■ ■■ . 

with the surface. Typically, cont ,ct times in -3- •■ ^ 



con 

>-,urs -r m^.r- are des i rabl e V The linger cintact tim 

;;^ired with'^agents of higher modular weight w hi,, wi 1 f - 
desalinizing layer of the membrane sl.wly. F.r this ua^n, 
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%\cstbrs:KK20bmcatccxe- , t' cUkxV^ cvp 



substantially mcncmeric and nas 



is X :st preferacly mcncmeric or 
r f less than at out 1 • 

j ■ i-y-armeni' the membrane is desirably m.mt 

The temperature unn reat.e - T>; , , igh a temperatu.e . 

avcia delerencu, f-eas n fcrane while t :c low a temperate 

and/tr sal t re _ e . l 1 - . * - i 



redu C' 
n a v - e d 



unde = irahly l-Ji.g 
rarje frcm about 
abo";t 35 degree. 



times for the treatment 
r'je^ree. to about c C. degree . 
^re advantageous. 



generally, t< 
preferably 



pel 

bou 



d e q t 



The treatment 
t ransmemrrane 



tpt: 



;n:: spn< 
:na I 1 v 



: c 



The 
des: 
memb 
nit r 
t hes 
chl^ 
comt 
Sui: 
t res 
a que 
as t 
des: 
me ml" 
trea 



treatment .: f 
ribed herein 
ranes , In pa 
ate and van 
;e treatments 
ride, may aL 
^unds are ne 
uric acid re 
tment has in 
ous feed sol 
. : . avoid dele 
rable t: eva 
rane will be 
tment in enh 



re rr/eniently conducted 
assure differential can 

^ c rp-site, rrosslinked tslX^Je rever, 
ran' enhance tne rejection of specit : r 



pre s j 
-mr-1 :v 



re , 
'ed . 



curid:-; b 



r ,,dar, the rejection of ouliuri: ad 3 ,d h 
.-.^".roanic expounds, such as .scpr.pan.l --n be 
" Moreover, the rejection of rommcn ^^' ^ 

^ployed in order tc d«™... the ..... f . 
.r.titvj rejection of specific wlutw. 



• e rr t r , 
y evacl 
vdrcx 

* af f e 
scar 

i on £■ 
reat m 

tl'K.'l' 

ecu f 1 
Ituri 

w:u c 



UleS 
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..-ted 
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.::r 

y / t 

: a: 
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h s a 

l i s 
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ne 
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by 
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■ ^ nr ^c r - .-b^rwise indicated Passage ^ <■ 
weiqrit unless i- . . - ^ w ± ^ , , . j i . - e , 

^tX^ r-- rh-"solute in the feed water ^ -P - ~± 
,,en.iati,n c. .r.- membrane pert r^rmanre. 

feed '^l^;^^ se osmesis tests is anient 
< d water dunng th e i ■ ^ flux , 5ata were then noi 
.degree. -■■•^J 1 " ' . -J . -■ - f „ commercial membranes: 

:ng standard taoles availar-.e t~r comm . 



nvent 1 
■arts a 
e 1 s i 
. n p e i c 



r 1 



ed 
The t.e 
, gene 
-tnai i ce 

; of nh 



-n, bu 
ud per 
:: per rel- 
ent fro-r 
day : qf d 

is the 
mp.ei at ui 
r a i. i v a L 
d t:/ 1: ■ 
e t vv; e t 



c r e :i c 
ir.t: age? 
; t and 
■ IOC. 
Th 



Water 



pres 
>■■ of 
•out 
iegr 
. reat 



iure of 



nn ^. TVrir .„. tP r -,- ssl inked Pt_^yax 

Th e m e,brane used : , ^ exiles is gener al 1^^^ ; a - ; - 

mwcrane having a po.ysu.f ...t -jff - - , ilar , in e in an aqueous weaiu... .v-h 

ir.t-rfacial polymer i =at ion ot met. -phe > l n - in arcrianc, with U.S. 

Frf^iic-y^h-donde in an organic mediu ^ F P pnmTe . r C:r?:ra u:n unier the 

P-.L No 4,277, ^44. This membrane .s a.aiUt ^ , de.viracle to treat with 
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AMPLE 1 

■■•o mm ere i c 
.ploying a 
•\ d s.:iut i 
^ in thr- 
ift used i 
aquect;s 
r-nbrane is 
j.jiurr. hydr 
, S ults are 



i jy 



available FT3 0 membrane is evaluated in 
"--rrent aqueous sodium chl c r ioe^ so 1 ut i 

n C.mparative 



ny dr 
A s 

then, trfia 
;:5 . de gree 

th-n tested sequentially with s:d:.an, c 
^ xl ,e feed streams like th:se used m , 
tat.-uLated in Table I. 



f" pH 1 at 4 C j psi and a soaiun 
tial reverse osmosis tests 
Experiment 1 i£' 
^■■)f--eut f-or 2 4 hcurs at about 



C-mparat r.-f 

n at 2 j : 
xide soluticn < 
■npie of the sal 
ed wit h 

C . i n E 
.lcride , 
mpa rat i v 



Experiment 1 
i, a sulfuric 
f pH 12 at 2C 
e membrane as 
p e r c e n t. c e t a c e t t v ' 
.mple 1 . Tne treat e 
. 1 f u r 1 c a c i a , i n a 
Exper'inient 1 ana t 




Irative Solute Solute Solute Experime 



2C0 psi 
Elux latsacsfr Flux Passage 

firmed FT^'uO.S 24 7 21 4.3 control 



setic 27 1 J 



1 25 4 



aci a 



I 1 :s ■ 



is r\ 



(>ot 1! 



.^u>--n^ ^ - - i bv immersing cy :.*u.u ^ 

T - Comcaratiivf bxtei^ — . - C ^-^v,ene i:a::.::.^ a. .J 

p^^ul^rne mi crcr c r::;u? supr - 7- — ^* - - i - - en 1 r st r i : — - 1 - 

trying" said supi ::r- ; with t r imescy ^J-;- : ^U ory^ pro ducea *«U.r.. w 
solvent at about - ,-legree. T he r-* % in Table I The I ab- 1 reparea 

evaluated ir. reve.se osmcs s est « s . -la^ i j ^ ^ e pa 

T.err^rane without any tie,tnenr d.s i ) ,... navat i w Experiment 1, but s-lfur 
the ,«erc:aily mailable membrun, n —P"^ ' ' c a \ n3 l=wer ^ lu ,-, pass* 



e c-=nur.ereiaily available n«r„, i stains l=wer solut-, passage 

.sH„e .^ins hi 3 h ■ . Thetr— r ane fr „ which it w,s prepare*. 

Vail uric arid and sodium hydroxide tnar. lit ri. ef f e .-t on water max. Ine 

Thi pera.retir aci 1 treatment appears t " of all the feed stream 

p.eraveti.:- arid significantly reduces s_lu,e ,as. *g- 



evaluated 

EX.AKM-ES 2-3 ^ 

A ,.-,.trcl sample = f a commercially ava iW* ■ = ^ i - - L -— — with three 

the tradename FT3C is evaluated r, i : t , yhe thlw 

p h1 :r:^ S F :i and's^lurhydrcxide at ,H 1,. *11 at 2< F si. 

„f p^--., nl ^-brane i:. r .reatei witri . percent 
in Cr-mparative Experiment 4, a samp e .1 P - ^ ^,^ egree . c The treats 
aaueras hydrogen pyrexiae at a pH ->l - - - str-ams as Com: ..rat .ve 

ne,Lran, is then evaluated with he same hi = £.e _ ^ ^ :I . 

Kxr-r.mvnt 3 and T ne !.e s Uu S ot 



A '- 7 \ o .embrane in Separative Experiment ! ^^^^ ^S^ree. 
pernxide plus 2 percent sulfuric acid - , ; - d ^ h aque ,, s fee d streams 
ii ^L^^tefL^thel? ^U- tabulated in Table „. 

, - a sanple --f -T3D membrane is treated with an aqueous 
In ■•■■mparative Experiment , a sample - 1 . ir ,. er £i ;- e t.ic acid t rr 20 nourb ct 

-c"-^« = C 1 -'r-^tr^ed^mbrfne^s thE^i^.d i^reverse ,s,,.is 
S^ts l^Srresult^^/these tests are tabulated in T.ble ^.^ ^ 
A ^mple of FT 3 C membrane is treated with an a^ous ^uticn f f 'rToefi rd of 2C 
hydrogen peroxide and 0.1 percent » dxu, ^ e ;J^ in reverse osmosis 

^/r^uU^arfr^citeftrr^le II as Comparative Experiment 7 



tr-.ted membrane was evaluated in re e.- 

!l;; s .re sh:wn in Table II as Example - 

, .ample of FT 3 j membrane is treated wj t h an a queou, s : 1 ut i : n ,f ^P---;.^ in 
p^-aretic acid ftr 24 hour, at a.out 2 B d«g ; c . ^ - , yr ,, ., 7abie H as 

re-erse -smc^sis tests and tne results tn,o. i. 
Ex,,mf le ? . 
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^v,^>- --rrlp ->f ^T'-'-O membrane is -v^j.^«.-- 

I: :o,,aiative Experiment \ an,thei ,^1^ ; n are shcwr ir . Table II. A 

,_, r ,; osm,sis t;es,s and the rebuts ct . B , xperlT:i e- - -hen treated 

:,acle ,f membrane like t nat emp .oyed i ^ 1 f / I r ^ hcur , at aboat 25.de 9 re, 

wi'b l-)0 parts per -illion of sc ixam n, p - r. - ^ - - reverse :snosis tests an 

: The treated membrane in then evalua ted n ; - ^ ^ ExpeliTier;t 5 . 

results cf these test are tabulated m r.cie 

RO- 



TABLE II 

; .-: -— - - -^%~:^rc! ~ Hl^IbT2^ T^iuTTTlia c: h ^ ■:. t ^ : 
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sut: • -■■ 



Ka2i 



-: =;ub 1 + 1% aretic 3 f t. i'- <■ • . j -, 4 I: , r .? 3.7 25 f.i : pH 

4.4 3. 13 3f 11 ! P H -->! - ' - 1 ; P~* - 4^ 24 hour , 3 - - Ccntr 

h . ,,,-) . . 3 1% p„racetic acid 2. 2 8 ^ - .. f 4 Cj 

Ijj 24 21 9 - DO ppm NaC CI. 14 hours 27 ..4 ,5 1.- 
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^ - data ^^-;|^- f - h f m :S%:f:l^^uU: 

i — ased roe re ? e. ..o. -f ^ # Th « say, ; - a ; 

iKpirt ;V v« s pH's shewed little decre.se u, ^-t..r-- 

u^, ^-— ■> V^^wed ent.an:'ea 
The membrane :re«te. i ; s p H r N ^ . 4,17"', -44. - ! Ui ' " r ";. . ^" . , „ : ; - al .. ; , 

aumX " ** . „„ teste, „ th. -t.r.fi« 

FT 3 0 memcrane are t*. sue j - ■ ■ Fxr^riment 1~ • 

Twc s Ti eS C s/a^Sh ^- different feed strea. . ^ - ^ J^ nitrate. 
r C : -hSude C., percent sod urn ch l,r d. . ^ . - f F - - ^ ^ 

Trv.- tee. i - L f 1 d £ ; :i aium hyiroxiae a. . conducts 

&U * C ■ ^iH are conducted at 200 psi . ^rie ^, ri , rdt ive Exp^rini^:- ^ 

J^i^^^cidln ExUle S and P-^^-e ,,^, are for a 

* i the treatment sc lut ^^f n e range of ah out 25. degree. ,. 

pitied of three days at a tempeta.ui. 

T ,. tc ,ated cranes were then evaluated i, revere 
al -e tabulated in Table III. 
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v^rv high fiux and f^Di . ... . ..... , highei : . •>•••• -■• c,r ' cnt " , r , . u , r ~.f 

l^.-r^mtne-treated r.emorane ^...we n 3 c , loLam ine treatment t. .ha ^ 

. lamm qeneraily roir.p-rdtle a.t..- - rV sulfuric a c 1 - 

s: l.,te passages ^r g tp . ent w:lt h tne ex: -ctx.n .t 

cr:e ^ mb «^.P^- r r ^ u :o:i by more than E0 percent. 

cr / :-.ramine in the gem-i«- ma '- n ^ r . ti , n The results -I tne - — - * ' 
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^^--73racT-r3%-Nair,.sub 3 nOC E Fm ^ A ^ 0 ^ 6i - c : mF . Membrane Sclute Sc 
l0 psi at 2C0 rsi at 203 ? S 1 ^ Example Treatment Flux Passage Flux Pass„g. 
q-.lut- Solute Solute Experiment Example 
:„ r Flux Passage Flux Passage - 
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1 .-^.i ii. sini:ar in - - 1 'b "- 1 - - 



me^rane i f- similar in 
simulated ^Mct-r is af. f »!-■»■ 



Percent, i:y Keioht _ , ~ 4 c 

rIa : \.°*-V ...u v r 4T7 K.Br 5.238 H.sud. 



__; i"— eTTrTT.'^?. H.HC C.477 K.Sr 

BO..,ub.3 : :.-"J71 SrCl sut .2 .oH.tuD... 

77w7^ple, -f this membrane are tabulated in Table 

-he flux ani solute parage of two .ample. 
,, "nirnarative E:-:oe riment K. 

V ..orr.parcti . oer -. er r aqueous peracetio 

menibrane with biinuiaiej ■~di- a^id for 

SW30HK me*bran* in two samples ^:reat ^^with^. ^P-^^f ^^ullt ed in 
25 h:urs. The reverse or^osis r.es . - 
V at' Example 11. 

Rr , Te . ;ts 3.t% SSVI at 3:)0 psi 

"G'dcaratLve ^- J -- bXo1 * 12 -- SWiOr.R .ontro. .- •■- _ r ^ ^ _ 

K^l 11 4 24 hrs. " ,1 0 4 — - „ 

, \ \ ,: ... u 10:0 com Ohljramme -!5 _ 1 . •- 

c":,:,nino U r.c'adju^d tc pK 1 " 13 C, — 

^^ittl^ra'hiah^ watlrilux and moderately higher soru.e p.,s. g e. 

Tr , xarap - e r-, th. SWH-KR membrane wa ? also treated with ^ 
cl;-:frS;ne ^ . -^-c i,r ^ tieatment and the solute P ass^ 

f^ated membrane was s.L.gr.ti) 
w " u , marginally increased. 



EXAMPLE 14 bc ^. ^ ph»^phcric acid 

• t i . ■ -,-jilable FT3 0 m.embrar.e is ciated wirh S, F^-"^ ^ 4 7 c s , - r: . 
A :x,mn-.ercia..l, «; ilL ";^^ - as qeneia.lv ^-scribe i m_U.o. _ 
an:i treated - - - ! • * «3 -■ : _ ; ' : a W3ur . d rev.-r:- cm*i S 

It ij- then iniorp" 1 - 3 ^ nt -' s f-'- r " 



wir. 1 *~ --'".err t :rn if '-^a ; 

^ ^—.—^1 f^ , ^% : ;r;rThe*re;!ilti; ¥ ,"n;- n br i ne .element a 1 ; na ^ - a ij; 

^^y, , then treated w!th a tar.nx, ac- ^ c ^ ing - series of 

^ I " 4^7^; i.7. Pcth membranes w,ro snbj, tei ; Q i; , , blcstat 

:.; t s IK uNe.tei cn 0 1 P e rcent MgS ■ ^ ■* - ^ porrent. M.SC.sub.4 at 7, 
st:: ,rage solution for 1 days - , : ~- - 4 aC 7C psl ResulC s app^i ... - 
ani (4) tested on 0.1' percent H . sub 
VI . 
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What is .rlaimed is: reve . r ^e osn.o.sis m^br*::-.- 

. ,, ipnsit e cr:sslinked E^i^ "rked r-.lvamide 
1. A method of treating « -^P ; - nemt>rane having a ^s^link.d ^^^ e 
comprising: contacting - c^pc.x &f an effect^ a«^ d , the 

dis'c ruinating ^T^ualitv and/or quantity 'S^*"" cf H . sub . 2 

3X1 f ^wlth 9 ; roper" les for' enabling the passage nrough^^^^ r ^.degree . 

^ ? percent agueous so U - - ^ B? ,,,, 

C. tc be reduce:! by a 1 ; - ; * d membrane to be reoucd b> .,, 

r- anH r "l-^ water tiux 
t re -tt merit anu .. ■ u - 

percent after treatment. .iscrtd.ttno lay f 

t«= ^nSe groups'. . 

than two :aru>.,H- «■> . v lene:iiamine . 

claim :: wherein reactant (-) i I - ■ - 
, The method as described cla... 

- wherein (b) is trin.eso V l Iwii-. with 

q - t . .-i^s.-v-ibed m claim .. »" , ,* or mixture ..>t e-n-ucj. 

4 . The rr.ethcd . j ha lide, mixtures there -t 

«U.»yl -lid. .nd ,., X. — -- M5 „ i „,^ 11 , uyr 

rh , s ..bribed in claim 6 wherein (a, comprises at -a,: 5: :ncle 

* m r b^- v le ; ie ,iLa;nine . 
^ v- ( - ^. *^ rri - p 1 - ^ ' * - ■ v - i • r i 1 1 " rn e . 

F'- 1 --'* h ^ . - r the cuhstrate is l^/^ 1 -" 1 ' 

/ arpeciV sDM:3r. :>f chlor^r^e 




t era-.'^tic 1 a • 1 ■ „ -- V i r acted with 

-h: :>ram: ne oi .J - EJU _ __ ra ,.t-^d w:r. 

^9 whprnn the membrane i.> — ^ 
, 3 . The method as described in claim .2 wh-r-ii 

perSCet " ^", lf ,,i» .rcsslmked .cly^ ^^tinT 1 ^h-^ 
^isI^c^ntSing a .rosslinkei 
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r r - • „ n . ■ > • ^ ■_!.'. .cat 
-^ C = site ,eT,fcrane with a sclut ic r. of - -- crc .. id i:.g tr.e ,, 

° Xia "r"I-n« for enabling the xe.brane n .d\ = ,::ac> P — ^ 

. _r ma rr,hr«ne trior to aed,.,^nL a _ 



H • 

re 



'Oast percent of the membrane prroi ; . ; psia ar.l 2 5. degree 

€oob ^,:or^»rs:,:o=o s — 



„ „.»-,..>« a, describe in *»*»«^£ygi^l^lLttm 

;;.;'.;%„:„ acid M n*. 9-, P =. ^ 



-^:-?ro a ?o«s;o^^ro^:oL,iLoo;oo- f '-: 11 

11 ■ reprises at - • - 



on a riiicrcporcus 



^ described in claim IS wherein (b) 
1? The membrane as aesciiu^^ 

percent trimescyl halide. 

•v ( -H in claim 17 wherein the o:iVa^a^ aisc: 

substrate. r ,„ ^ 

iq The mem brane as descried in cl.i- 18 -h«.in ,a, ,,n pi ,se, t ...e. ^ - 

percent ,-phenylenedra.rne . essentiall y of 

, „„ a «, described in claim 19 wherein «) '- -nsis su bstrat* 
-o The membrane as aesuiw- i = u v of trimesoyl enlcr^ae, 

- - — " rt 7' 

i ■ wherein the compatible oxidizing reagent 

e Hp^rribed in claim 20 wherein one ^ 
•1 The membrane as descruoeu 

acrd, P N -brcmoamin^ or N -chloramine . 
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BSPR: nl „ concerned with the purification of liquids Of 

This invention is generally concern aw wsrer w hich contains unacceptaun 
particular interest is the treatment °£ «^« h ™^r :r hard water. Surh water, 
cf a 1 sso 1 ved^ -h r - -,b ;S a seml permeable reverse o,,, 

^L^^ieavtn^ehlnd^he contaminants wnxch do not pas. ... 

membrane . 

rX.™ o,«,i. ~„ lt a„e „u« .eject , high fr.^on o th, ^ - £ ^ 

;»,f W^riK h 

in addition, the membrane must ^ cc the me mbrane may r.,t 

disinfectant, since removal of the cnicn 
always be effective. 

RQPR- ■ t- =1 disclose the use of linear p_o_^amides 

S S".S. Pat. No. 3.904.519 McKinney f^^^d to form a reverse osmosis 
which are oast on a ?«PP°^ /^^/g condenB.t ion of diamines witn 
membrane. The E£^|| idTrossUnKed by formaldehyde, irradiation. - 1 

diamines . 

-r^r-^ osmosis membranes 

& SPF - : . f or _. 1vmer . s for later reaction to marte re v -i o- vr/R) oaaes 

The formation of prep^^e — - Contract 14 -34 - uOi- t 5-2.L ^' a — ; ■ . - 

L discussed in the Final Report OWRT Contr ^ in ^ re^cucn was 

7-10 and also U.S. Pat. No. 4 59 1S3. A p secondary diamine) wa -b _ 

s,ught by reacting pl pera 3 ine va cyclic a P , JS oxy:n l=nde t: F^-o - «> 

.rinesoyl chloride, cyanuric ^loride and p^ * all reacted with *r. a.yi 

,»cund having ammo groups whi.h ° } e imFr=V ed salt rejection *as 

halide to form a reverse osmesis ^mbran^ wni . same report suggested t u- 

chained, the water flux was cons ^red ; b 1^ ^ diethanc , : amine. cut statea 
— fa inSca^that n^enef £ll ef^ct was obtained. 

^present inventors have now -—-J^ 

osmesis membrane and employing a ne « "^'^ 1 ^P jp y The resulting menbrar.e 



in:zat. 101: 
r.e - react i ve 



r<c pp . r^y- rpuprse osmosis as in de&a^ 

'semipermeable composite ^brane, . use u ; > - polyf un: t icnal amir.e - 

-,f water are prepared by li^i-fff^ ^ a preformed aromatic polyamir, 
-ompound. such as a polyacyl hal , * P aroTatic nuc lei. The P ;Lya: nine 

:-,ntainmg at least three and, P^"*"^'" ! halid e, but other poly r.a 1. 1 ies _ 
preferably i, derived « an J - £ > ^ UB oxychloride . pfccsphcnyi 

r h uiid^ U rh?;n^rIdrand sulfuryl chloride. 



in the use rf ar. addu.'t as 



basic unit tor an iul-ii. 
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bel < eved te .incize che formation of react ion pr oduct. - ^'Z^Vln^ 

modular weight and tc P--". ^^^1 single mult i ■ func.i = ,al - m a:, = 

memLranes. When each reacting «F, composite «t",,e f .^ ; 

rin ? many products ^^j^esi rable . The present invents re iu - 

be less uniform than would t we iqht addurt is used tc prepare ...e e.n 

prclems since a higher mo e.ul r weigh^ with tn* p:^ 

The adduct is soluble ... sol.ei.. UP < f.~ rnl setr.ipermeafc le tr.«-t or a.,, v....... 

car . te interfacialiy reactec t ; ; " ^ ,, hlcrlI . e t:le,an. -ner. usee .:. 

provides g:3d salt rc- ; - ct : ..r. . h,g.. 
- ar.ati:p. of water. 
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BS t ?: ■ f.- r the aiduct are the p:.iyacy. r.^.-^-t 

Ph. preferred starting m-t.ria- - ^ . ; wnich „, y/ .- -r- - - 



J , 4-benze: 



E x,niles cf aromatic P^^^^des £ u,h as trimescyl cr.U,:^ 
inrlude di- or t r i carbcxyl i, ac a h*lia trime mtoyl ch.or.ae 

( 1.3.5-ber.,ene tricarbcxyli , a ia f-hl-rid d terephthal :yl r l,ri e, 

tricarboxylic acid chloride), l ~P£™£* Xl , acid bromide), fime.litcyl 
tr.mesoyl tronude ^" be ^ n v " " .ids, ,T^hthalo V : kromi.j^ 
br.mide ; :T2 , 4 -benzene t r i cart, , x> -« a trlcavto:(y he acid 

^riphthaloyl broH^.trimesoyl iodide 1 , lie acld «»<!... 

iodide), trimellitoyl ^dide ;/;< 4 a£ well as mixtures cf 

is-.phthaloyl iodide, terephth, o/l ed de halide ar.i the :^^rr phtl 

- - -arboxylic acid halides, that is, ti i _^y substituted t: t,noer 

hliides. Tne di- or t r ic.rboxy 1 i c ac c ha ^ lcularly preferred are 



lalcy 
h e tu 



BSc'R: , - - h-al-.aen it may be ronverted i := -^in* group 

!< me sukstituent group i* « nal.gen, i ^ tasslU ir. amide with .i^uii 

:^aric, with alkali salts of amine. su h - F rMCt:0 n B = : *.r,is '/pe i< 
taenia as solver, A ^i-van.ge ^p l- ^ sal , e pMlti ,, - - 

t'-e ammo entering gr^up may n.. aiw^y 
ring vacated by the halogen. 
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the advantage of 
mce th- men: -amine 



B * E ' R: , . , ^rr<bed ^nvclves a two-step process and . 

The method just - i ^bed nv aromatic poiyamir.- 

prt-vidma essentially a s ingle e ie. acylhalide .: r ^c.sunk t 

Laotant^annct react twice wi ^ po., fun e ^ expensiv , an, : rnp ex 

■■nlv Dcssible proaucc . In tact, ^^r^.,.! c .- Ivmer i zat ion . H.wev/r, tor tn. 

p.'^are semipermeable membranes by ^£11^1?-^ ^ , his , no . large 

h-ient invention sucn polymerization is n ch ., £ c rtr ,. : , t r . c : tr.e 

Vxcess cf m-phenyiene diamine wou.d be , ^ ^ wasr . in , , :: , la t , , £ - 

,,-lvamir.e. Purification cy filtration, 
" ' the desired polyamine. 



, r 2 i ve 



r.Sf'F: • . he met hr,i Generally des:'i:ib^i <,y ... — 

Th, membranes may ce prepare b,^^ • ^ a s , , t e: ^ ; ~~ 

rived'b;- dewing/ rolling, t ^^^ ,^1' in. to 

t-hnigues. Thereafter, t ne surf ace of the , at . ^ ^ ^ ^ lQe . 

th- tou/n and then i* contacted « , h flymen 3 - 

- e the porous support material sarf - • t . The resul-ina composite 

Pr^uct informed within ^ ^ ^ exhibit, g,:d water tlux a 
then cured to provide a b em.perm ati chlcrme. 
gcod salt reaction as well as tcleranc. 

i - - > t ^ ; ° i ' a oc res wh i 

? h r F orous support material -^l-^^r^pe^-rih^i^h^^it I 
a ,» C f sufficient size to permit ^ the sage I ^ ^ r , us suppci > 

rue preferred embodiment of invention the F ^^^ ^ m ^, of r orou, 

Material will range from ad-ut 1 to at.ut -,- 
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hup 



stbrs SS20 bin tiale c\c 't t_loc\> j^M 1 - K ' s 



-^-d to prepare ~.n^ ae^i^ r 

:erials whicn may — * ^r, ers as o :: 1 vsu i f one , c ^> ^ < 



,-.r^ material w.^- , c .,,.^. r.-^^ers as i ~* ~ - ' J , 

i,va-.i t «,«y i, ;;r u " r ^i^uai^ e;->tvJ. 5 " 



t r:c 



res 



ether , and 

BSPR ' r „ vich *lux membrane may be subjected t: or: e °r ^r* ^-^'T P H 

Sl 6 - C n ^ S s : t ;h; 19 ^rane may be washed with an aq ^ ~^Ue . b , con, 

such as solium hyor.xide P , -arbcnate. and the ^ - ' , nr . „ e . c 

i r=r . r-tass-.um caitonate. iii^L 0 . . ieq ,-. : . e c: ab=ut 

fir a period jf time described by Chau m -i . - P«t . ^ 

pest -treatment with acid., a., 



als, te used. 

U-/pine of the invention. Ax t erna t e - V . " : . h l:ride ar.d ch«n , 

tne pel),, ne of ^phenylene diamine with t n— _i ■ in(; wa£ coated 

rea-tmg «n ex,e , _ . t jS frcm ,,, ne r prcdw £ *. interracial 

^"SHupr'Ir? ^rfcL/fcy contact wi.h a pcly^, - ^ est edHx'TUt 

or.t. . trv- -upi * ..^..v,^ membranes, f-.e mer.it. i _ t 



r , a . t -cn r C f,rm semipermeable me the n ,^ bj ar.es . A soluti:r 

(2v.4 mm. times. 76.- mm) sanp - -- ^ 5 - ;3 kFa ga,.ae) 

n£--Q ^ * r- f 7 - "» was used Witn a ^ kPa) net 

,,, if ure differential dt.er a...ur. - d ir , the examples, 

and salt rejection were measured ,nd report 

inter facial Polymer izat ion 

i , v - ,iri -m with a mixture oi: 
^ E ' fR ; inltro addu- was reduced to a polyamine by r~ . the procedure 



-f ^t-'er and Sarussi . -210 g the a c ;t I rrer and ror.denser. 

a:^ :::-e Placed in a "-k equipp ed -th a ; ^ 143 , ? of ccuss,, 
utro adauct was ai«c , -4 9 . f .^ . , .. V , 1S ,e.t«.. >. . 

was 



""•■"•ee • t -' ■ - ni' -oqen atir> : ---p h,ri e ■ in-= n, 

' 3 ,-. r -f rh<=> salts. 



. degree . <- . , c -- f - , ^ 4 , roqe n atir> : ---p h^i fc . n 

• q fr-r ih-ut H'' hours in a ni---Jd- f 
-,;..ntained t<..r ad-uu ± f-l-er-d to remov- o..»r.,h cr 

:;;1 ed to room temperature and t-l-er- 



-;--"-,.-r ( -u^ P-Iysuitone support was immer s.d in ,n ; 1 MMI' f c r - 

: ! ":,n-. y w^gnt'of the polyamine of f^-iina w Mh orelsuri.ed air fr.m a os 
'I Excess solution was removed I, bl^w ing 2 wlth po lyamine was 

:::T ' r a-ninq fcr a period of €• minU -r efe M ^? d ; UF ( ^.-; solution in naphtna for x5 

iia^nxny r trimescyl chloride - 1B tr ,inutes at 

tI ,, n = o:i ac w .h , pol^.er^^ cn A.t 

, m^^ture, the memr.rane wac p laced . - a wat « flux o 

I ,:;'a wL-n 0.2 wt . % HaCl water at J ^19 > • and a sa lt re 3 erti:n o. i-. 

; L ':V g fi (gfd =gal/ft.su P .2 -day, I, ' _ 

were measured. 



EH 



r-fsultina m.embrane had a wa--i 



ru*:e£ . The 



or 93.7^ 



. -rr that rhe TMC solatia was repi.c'.d ^^; --r; 

t PC,' Membrane h,d a «.,«■ t.ux ^ • . 
l^m i.2 d. and 47.2% salt, reaction. 

OEP- . ated except that the polyamine solution was replied with 

Example 4 was repeated except 



of 4 



r . rhe nylene diamine I M PDA J , b V weight 

_._. u . solution of 2% by weight m P^^ ^ we ight IPC was us. a I-.- 

" q " e ml bv weiqht sodium carbonate and . o > . wa , :,ucr. .cwei 

and C-.Jl* by weign m embrane salt reit.,i-. - 

- 9% IPC. As expected, the mem 

the 47.2% cbtamed m Example 4. 



s ar; 



^ t rr a ' 

d ■ w : 



DEFF : , . v „ pnr rhat the oclyar.ine sc.uticr. w c 

Example 2 was repeated ex. ^ ^ _ „ ? gfd ,76, ... 

The average performance 

rejection of 97.=:%. 

The -,verage performance 



i to 



re' 



^ was 5 ^ wt . % and 

nFpB • „. „ 14 7 a (13b miv.ol! of m-phenylene diamine 

d chlcroethane. The product mature w^ fxl er. ^ ^ d t 

r^yr^foride in naphtha in a -n^ed^nd"^ » have, an average flux : 
examples The result ,ng ^ ^ and 9 S.9% ^ reject^, 

samples) of 4 . ^ gta v x 

NME ::ncentraticn was 15.4 wt. ■ the supp3r t oy a - 1 t.r i 

supported ™e"brane «« tes - t - on 99 . 1% . 



(7S<4 .6 



° ,-i„rkn o f m-phenylene diamine 
SKjl. U was repeated except that a 2 0 wt- * sc , Th? ^ 

with 1*0 ppm sodium caibuwa.- ~ -t ? fc t d j x , m . — F ■ 

« B ;; t "g ieSb»ne P Sa 8 tested and the average flux 
d! and the salt rejection 99..,. 
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